The evolutionary history of cattle and buffalo has always been a topic of great interest to the evolutionary biologists. The phylogenetic studies of bovin species has been carried out at various levels, varying from the study of domestication and migration of populations to major cladogenesis. Along with the archeological studies there are studies from molecular biology and more recently from genomics. The phylogenetic perspective of the bovins and their evolutionary history, are reviewed in terms of what has been done, what needs to be done and potential challenges in doing it.
I. Introduction
The Bovids (Bovidae family) are the most diverse group of living ungulates with 143 recent species (over 55% of modern ungulates). Bovids are primarily old world in their distribution, although a few species are found in North America. The present classification scheme for Bovids has eight subfamilies subdivided into two clades, the Boodontia (with a single subfamily, Bovini) and Aegodontia (composed of all other bovid subfamilies). Some authors do not recognize these two clades, instead reducing the number of subfamilies to two: Bovini (without change) and Antilopinae (with all of the Aegodontid subfamilies as tribes within it).
Among the subfamilies, the phylogeny of some groups is well-established while the interrelationships of the subfamilies are still under question. The family Bovids began its evolution in Africa around 19 million years ago and rapidly diversified, with 78 genera known from the Miocene (compared to 50 today). Kingdon (1997) suggests that a continental divide between Africa and Eurasia may be responsible for the early divergence of the Boodontia (Eurasian in origin) and the Aegodontia (which continued evolving in Africa). The rejoining of the two continental land masses (after these two principal clades had become distinct) at the Arabian Peninsula removed this geographic barrier, allowing both groups to expand into the other's homeland.
Recent years have seen an increase of interest and inquiry into the evolutionary history of Bovini, the clade comprising living oxen (genus Bos) and the living buffaloes (genera Syncerus and Bubalus). A disproportionate interest in the phylogenetics of Bovini, relative to other bovid or ruminant clades, no doubt stems from the importance of bovins as a prime source of human sustenance since at least the Pleistocene. In addition, bovins are widespread (naturally occurring on four continents), ecologically differentiated with wide habitat tolerances, taxonomically diverse, and, given their large size and affinity for wet habitats, possess a high potential for preservation in the fossil record. For these reasons, the evolutionary record of Bovini provides an exemplary resource for studies on evolutionary patterns and processes. In the text to follow we had attempted to compile the work done by various researchers on various different levels and with different approaches to address the bovini phylogenetics.
The higher ruminants are believed to have rapidly speciated in the Mid-Eocene, resulting in five distinct extant families: Antilocapridae, Giraffidae, Moschidae, Cervidae, and Bovids. Due to the rapid radiation, the higher ruminant phylogeny has proven difficult to resolve. Systematic work on the Bovids has been difficult, leading to a comment that the Bovids is one of the most troublesome groups of mammals to classify (Simpson, 1945) . Previous work employing morphology (Simpson, 1945) , immunodiffusion (Lowenstein, 1986) , protein sequences (Beintema et al., 1986) , and allozymes (Georgiadis et al., 1991) has been studied by various groups across the globe but it has so far resisted the traditional approaches The total of about 51,000 yak in 1997 represents a marked decline from the 132,000 yak reported for the year 1977 (Pal, 1993a) . Gupta and Gupta (2000) and Nivsarkar et al. (1997) published even lower numbers of around 40,000 for recent years -largely because they suggested a lower number for Jammu and Kashmir.
However, changes in numbers of yak over the years seem to differ among states -some having remained static in numbers. Reasons suggested for the decline in size of the yak population include socio-economic causes, one of which is a desire for an easier and more comfortable lifestyle on the part of the younger generations (Pal, 1993a) . The closure of the border with Tibet to the former traffic in yak may also be a contributory factor and has affected the availability of new sources of breeding stock. Nivsarkar et al. (1997) suggested that hybridization on a large-scale of yak with local Tibetan cattle was another factor leading to this sharp decline in the pure yak population. Yak has been reared as a multi-purpose livestock, providing a livelihood for the people with milk, meat, wool, fur, and other products. In commercial terms, milk is the most important for the herdsmen. In contrast to the milk of dairy cattle, yak milk contains a greater percentage of protein, organic calcium, and rich in conjugated linoleic acid. In the last few years, therefore, there has been an increasing focus on yak milk and milk products.
Yak is the only one of Bovini that can multiply on the high and cold pasturing area. Having originated from China, the yak is an ancient exemplar of cattle. However, it is hard to verify the exact origin and relationship between yak and other species in the Bovini, as these issues are highly debated in the scientific community. (Hassanin and Douzery, 1999b) . During the Pleistocene, Bubalus was distributed from southern Asia to Europe.
With increasing dry climate the area of distribution decreased to India, Indonesia, and parts of Southeast Asia (Cockrill and Mahadevan, 1974; Nachtsheim and Stengel, 1977) . The genus Bubalus is divided into the subgenera Bubalus and Anoa with four living wild species (Tanaka et al., 1996) . to be the founder of the modern domestic buffaloes. The wild water buffalo is subdivided using karyotyping (Fischer and Ulbrich, 1968; Iannuzzi, 1994; Ulbrich and Fischer, 1967) , along with morphological and ethological criteria (Cockrill, 1981; Cockrill and Mahadevan, 1974) , into the swamp (2n ¼ 48) and river (2n ¼ 50) buffaloes. The domestication of buffaloes most likely took place in the civilization of the Indus, the Yangtze, and the Euphrates and Tigris in the third millennium BC (Cockrill, 1981; Nachtsheim and Stengel, 1977) and/or in China during the fifth millennium BC (Chen and Li, 1989) . Buffaloes were introduced to Italy from central Europe in the sixth century or by the Bay of Tunis in the seventh century at the time of the Arab conquest (Salerno, 1974) .
Import of water buffaloes to Africa, Australia, and South America took place only recently. The common understanding about water buffaloes is that they are divided into two types. Within this division, the river buffalo are subdivided into at least 18 well-defined classes, whereas the swamp buffalo solitary exists with one breed (Cockrill, 1981) , sometimes referred to as Carabao. Cockrill and Mahadevan (1974) Nevertheless, especially in the southeastern provinces of China, a huge variety of genetic resources of swamp buffaloes have been described in terms of attitudes, adaptation to environment, and distribution (Chunxi and Zhongquan, 2001 ). The authors referred to 18 different breeds of swamp buffaloes, evolved separately in each area, but no genetic study has been conducted so far.
Despite a variety of investigations on water buffaloes' molecular phylogeny, the exact phylogenetic relationship between the two types of water buffaloes is still debated. The estimations of divergence of river and swamp buffaloes range from 10,000 to 1.7 million years (Amano et al., 1994; Barker et al., 1997a; Lau et al., 1998; Ritz et al., 2000; Tanaka et al., 1996) . These extreme differences depend on the variety of methods an exception in that they produce completely fertile male and female offspring (Gray, 1972) . B. taurus and B. indicus cattle differ in their Y chromosome structure (Potter and Upton, 1979; Goldammer et al., 1997) and studies of synaptonemal complexes in male B. taurus X B. indicus hybrids revealed elevated levels of meiotic chromosome pairing abnormalities (Switonski et al., 1990; Dollin et al., 1991a, b) . However, the observed configurations and the levels of XY-autosomal associations and autosomal asynapsis were deemed unlikely to cause fertility problems (Switonski et al., 1990; Dollin et al., 1991b; Switonski and Stranzinger, 1998) . This assumption is supported by reproductive parameters such as sperm motility, sperm concentration, and non-return rates of B.taurus, B. indicus hybrid males, which appear to be characterized by hybrid vigor effects (Thrift and Aaron, 1987 (Troy et al., 2001; Götherström et al., 2005; Edwards et al., 2007) . The deep divergence between B. taurus and B. indicus mtDNA sequences points to two independent primary domestication events from genetically discrete aurochs strains, each possibly with a subspecies status (Loftus et al., 1994; Bradley et al., 1996) . The latter studies assumed a 
